This paper considers two simple questions relating to the Heckscher-Ohlin model: (i) How does factor growth affect the terms of trade between the North and the South? (ii) If factor prices are equalized by trade, at what levels are they equalized? Regardless of where it occurs, labor growth improves the terms of trade of the capital-abundant region, whereas capital growth has the opposite effect. Equalized factor prices are "less" than a convex combination of autarky factor prices. A numerical example using Cobb-Douglas production and utility functions illustrates the propositions. 
Introduction
The celebrated Heckscher-Ohlin model developed by Eli Heckscher (1919) and Bertil Ohlin contains four theorems. While attempts have been made to extend the model to many industries and factors, 1 the two-country, two-factor, two-commodity model can be considered complete. 2 Among the four cornerstones, the Stolper-Samuelson Theorem (1941) considers the effect of a tariff on factor prices within a single country, and its effect on the terms of trade in a two-country world has received thorough attention. The Rybczynski Theorem (1955) considers the effect of factor growth in a single country facing constant prices, but such factor growth in one country necessarily affects the terms of trade in a two-country framework. The Rybczynski Theorem in virtually all variations of the Heckscher-Ohlin model is derived for a small open economy facing constant prices. Samuelson (1948 Samuelson ( , 1949 shows that under certain conditions free trade equalizes factor prices between two countries, but the factor price equalization theorem does not address at what levels the factor prices will be equalized. Factor price equalization is also associated with income convergence.
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The present paper first analyzes the impact of factor growth on the terms of trade and demonstrates under conditions ensuring factor price equalization that factor growth, regardless of where it occurs, has the same effect on the terms of trade, and that terms of trade depend on the global capital-labor ratio. Second, it shows that the equalized factor prices are less than a convex combination of the autarky factor prices. Since the equalized output price lies somewhere between two autarky prices, one might expect that the equalized factor prices are also a weighted average of autarky factor prices. It is shown that this does not occur due to concavity of cost functions.
Section 2 presents the basic two-country, two-factor, two-commodity model. Section 3 examines the impact of factor growth on the terms of trade. Section 4 considers the equalized factor prices and Section 5 demonstrates two propositions in the Cobb-Douglas case.
The Two-Country Model
To investigate the impacts of free trade on the terms of trade and the equalized factor
prices in an open economy, we employ the following assumptions:
(1) Consumers in the South and the North have identical and homothetic preferences.
(2) Two factors, capital and labor, are used to produce two goods, 1 and 2.
(3) The countries have identical production functions with constant returns to scale.
(4) Industry 2 is capital intensive and the North is capital-abundant.
(4) Factors are fully employed and mobile between sectors.
(5) Perfect competition prevails in product and factor markets.
(6) There are no transportation costs or trade barriers.
The Supply Side
Let Y 1 and Y 2 denote the domestic production of goods 1 and 2 of the South,
respectively. An asterisk (*) is used to denote variables of the North. Let 1 p and 2 p denote the prices of goods 1 and 2. In the absence of transport costs and trade barriers, free trade equalizes output prices, i.e., * .
i i p p = Since full employment prevails in factor markets, input and output relations of the South may be written as 1 1  2 2  1 1  2 2 , and ,
and full employment conditions in the North are given by * * * * * * * * 1 1 2 2 1 1 2 2 *, and *,
where the cost-minimizing input-output coefficients are functions of regional factor prices, 
where
Once factor prices are equalized, the identical technology assumption implies 
The world outputs of the two sectors are:
These show the total outputs in an integrated world equilibrium as described in Samuelson (1949), Dixit and Norman (1980) and Davis and Weinstein (2000) . Once factor prices are equalized between countries, even though factors are not mobile between the two countries, 
From (3) and (6), we have ( , ) ,
and is homogenous of degree 1 in factor endowments. The Reciprocity relation implies the Stolper-Samuelson Theorem,
Demand Side
Consider world demand for two goods. 
Summing the budget constraints of the two countries, we get
If market 2 clears for a given p, market 1 does as well by Walras Law. 
Factor Growth and Terms of Trade
Labor growth in the South not only increases the regional income but also affects the North's income through a change in the terms of trade.
Factor growth affects consumption through changes in income and the terms of trade.
Differentiating 2 ( , )
X p I and * 2 ( , *) X p I with respect to p yields ( )
where the South's excess demand is Producer revenue is distributed to consumers as labor and rental incomes,
Note that labor growth can affect revenue by changing the product mix and through a change in the terms of trade. The effect of factor growth on producer revenue can be obtained by
That is, an additional worker raises national income by his annual wage even when p is 
( ) .
I I X x p X = = Combining (9) and (10) and using (12),
Differentiating the left side of (8), we get ( )
Equating (13) and (14), we have 
< denote the price elasticity of the wage. By the Samuelson
Given factor price equalization and identical technologies, / * / w p w p ∂ ∂ = ∂ ∂ and
Thus, labor growth has the same effect on the North's terms of trade whether it occurs in the North or South.
Carrying out a similarly analysis on capital input, we get,
By the reciprocity relation, we have 2 / . ( 1 ) 0.
Given factor price equalization, / */ r p r p ∂ ∂ = ∂ ∂ , *,
Note that due to the magnification effect, 1. 
Properties of the Autarky Price
Tadeus Rybczynski (1955, p. 340) was aware that factor growth lowers the autarky relative price of the good which intensively uses that factor. The effect of factor growth on the South's autarky price can be obtained from (15) and (18) by removing the North's production and consumption. Specifically, 2 2 2 2 2 2 0, 0.
We now show that a proportionate increase in factor endowments has no effect on the autarky price of good 2. 5 Let / k K L = denote the South's capital-labor ratio, which is now held constant. Differentiating p with respect to L while allowing K to increase, we have
To see this, first recall from (3) ( , ) 
A proportionate increase in the global capital and labor inputs has no effect on the terms of trade. Using (22) and the Stolper-Samuelson results in (7), we may write the equalized factor prices as functions of p,
The effects of factor growth on autarky prices can also be obtained by removing the foreign factor endowments in (23) and the signs remain the same,
Thus, a growing factor necessarily brings about a decline in its autarky price, while the Rybczynski Theorem holds in a small open economy facing constant prices. Moreover, labor growth necessarily lowers the equalized wage rate and capital growth the equalized rental rate, whether the growth occurs in the South or North.
The following propositions summarize these results.
Proposition 1:
Whether it occurs in the North or the South, an increase in the labor endowment improves the North's terms of trade, while an increase in capital endowment worsens them.
Proposition 2: Factor growth has the same effect on the terms of trade, regardless of where it occurs, i.e., 0, and
The terms of trade depends only on the global capital-labor ratio, i.e.,
Proposition 4: Labor growth lowers the equalized wage rate and raises the equalized rental rate, and capital growth has the opposite effects on factor prices, whether growth occurs in the North or South.
Levels of Equalized Factor Prices
If two countries establish a free trade area, will the equalized wage and rental rates be a weighted average of their autarky factor prices? Suppose 1 p is held constant, and let 2 A p and 2B p now denote the autarky prices of good 2 in the South and the North, respectively. 
where 0 1. (1 ) , (1 ) ( , ) (1 ) ( , ) . w r had the same weights, μ and (1 ) μ − , as the autarky output prices, the resulting 2 p will be "too high" in the sense that it is greater than the equalized output price. However, the equalized factor prices ( , ) If the equalized factor prices were a convex combination of the two autarky factor prices, the sum of the two weights ( A B λ λ + ) would be unity. We now show that the equalized factor prices are "less" than a convex combination, i.e., the sum of the weights is less than one,
μ < < In a similar fashion, let ( , )
A
1.
A B λ λ
+ <
Note that the price of the numéraire is fixed and the equalized factor prices must satisfy the constraint 1 ( , ) 1. p w r = 8 Since 1 ( , ) p w r is a concave function, the factor price frontier or the contour of ( , ) w r along the curve 1 ( , ) 1 p w r = is convex to the origin and lies below the line connecting two autarky factor prices, ( , )
A A w r and ( , ) B B w r . Any point along the latter line in Figure 1 is a convex combination of the autarky factor prices, and hence
1.
A B λ λ + = However, since the price of the numéraire is fixed, the equalized factor prices must move along curve 1 ( , ) 1 p w r = . (1 ) , factor prices are "less" than a convex combination of autarky factor prices.
Concluding Remarks
In the present Doha Round of trade negotiations developing countries have asked developed nations to liberalize agricultural trade so that they would have access to the markets of developed economies. Increased trade between populous regions of Asia and Africa and capital abundant regions of Europe and America will exert its pressure to reduce wage and rent gaps between the two regions. True, the equalized wage rate will be a convex combination of pre-trade wage rates, and the equalized rent is another weighted average of autarky rental rates, but the weights for rental and wage will be different. When a single weight is chosen for both autarky factor prices of each country, the equalized factor prices will be "less" than a weighted average of autarky factor prices, i.e., the sum of the weights for autarky factor prices of the two countries is less than unity.
The Cobb-Douglas case in Appendix is particularly interesting in that the factor price outcomes are independent of factor shares. The weights of the equalized wage-rent ratio are simply the population ratios. For instance, if the South is five times as populous as the North, the weight of the South's autarky wage-rent ratio is 5/6 and that of the North 1/6. The HO model assumes capital is mobile only between industries but increased capital mobility will further expedite rental equalization. This example paints a grim picture that in the absence of technological improvements, workers in the North should expect their wage to decline significantly when trading with populous regions, such as China and India.
This paper also points out that it is not possible for the capital-abundant North to grow without spilling the benefits of capital accumulation on the labor-abundant South.
Capital growth necessarily worsens the North's terms of trade, and labor growth the South's. (28) and (29), we have σ γα β ≡ Industry outputs are written as:
Thus,
Using ( Thus, the equalized rent is greater than the weighted average of the autarky rents using the weights of the equalized output price for the Cobb-Douglas case. That is, the equalized rent is closer to the autarky rent of the labor-abundant country than the weights of the equalized output price suggest.
From (27), we obtain the weights for the equalized factor prices, , . 
Then it can be shown that in the Cobb-Douglas case, the free trade wage-rent ratio is a weighted average of the autarky wage-rent ratios,
where The latter is 40 times that of the former. The equalized wage-rent ratio is 29.33. In determining the equilibrium output price, China's weight is only about 21%, but for the equalized wage-rent ratio, China's weight is 80%. That is, the equalized wage-rent ratio is closer to China's autarky level while the equalized output price is closer to America's autarky level. 
Endnotes
1 For extensions to higher dimensions, see for instance, Ethier (1984) , Neary (1985) , and Choi (2003) .
2 Due to inability to predict the commodity trade pattern in a world with more than two goods, some developed a fifth proposition, the Heckscher-Ohlin-Vanek theorem, which predicts that a country exports the services of its abundant facto through trade.
3 For income convergence, see Rassekh and Thompson (1997) and Slaughter (1998). 
